We have discovered the pulsar associated with the supernova remnant G21.5-0.9. PSR J1833À1034, with spin period P ¼ 61:8 ms and dispersion measure 169 cm À3 pc, is very faint, with pulse-averaged flux density of %70 Jy at a frequency of 1.4 GHz, and was first detected in a deep search with the Parkes telescope. Subsequent observations with Parkes and the Green Bank Telescope have confirmed this detection and yield a period derivativeṖ ¼ 2:02 ; 10 À13 . These spin parameters imply a characteristic age c ¼ 4:8 kyr and a spin-down luminosityĖ ¼ 3:3 ; 10 37 ergs s À1 , the latter value exceeded only by the Crab pulsar among the rotation-powered pulsars known in our Galaxy. The pulsar has an unusually steep radio spectrum in the 0.8-2.0 GHz range, with power-law index %3.0, and a narrow single-peaked pulse profile with FWHM of 0.04P. We have analyzed 350 ks of archival Chandra X-Ray Observatory HRC data and find a pointlike source of luminosity %3 ; 10
INTRODUCTION
''Crab-like'' remnants of supernovae (SNe) display no readily observable manifestation of an ejecta-driven blast wave; instead, the relativistic wind of particles and magnetic fields released by a young pulsar is confined by the ambient pressure, giving rise to a nonthermal compact nebula. Such pulsar wind nebulae (PWNe), particularly with knowledge of the spin parameters of their central engines, are magnificent laboratories for the study of astrophysical shocks, the properties of pulsar winds, and the spin evolution and birth parameters of neutron stars. Eventually, depending on explosion energy and environment, high-velocity SN ejecta are expected to generate a brightening shell surrounding the PWN, creating a ''composite'' supernova remnant (SNR).
G21.5-0.9, known for 35 years Wilson & Altenhoff 1970 ) and long classified (Wilson & Weiler 1976; Becker & Szymkowiak 1981) as 1 of about 10 Crab-like remnants (Green 2004) , is a bright and absorbed (neutral hydrogen column density N H ¼ 2 ; 10 22 cm
À2
; Safi-Harb et al. 2001 ) centrally peaked X-ray and polarized radio source. H i absorption measurements (Caswell et al. 1975; Davelaar et al. 1986) place the system at >4.4 kpc. Its radio and X-ray luminosities are $10 and $100 times below those of the Crab Nebula, respectively (Helfand & Becker 1987) . A break in the observed spectrum of G21.5-0.9 was originally reported at a frequency b $ 50 GHz (e.g., Salter et al. 1989) , although more recently it has been suggested that b k 500 GHz ( Gallant & Tuffs 1998; Bock et al. 2001; Bandiera et al. 2001) .
X-ray observations in the modern era have advanced our knowledge of G21.5-0.9 enormously. At the center of the system is a bright compact source (%2 00 in radius; Slane et al. 2000) that may include the pulsar and delineate its wind termination shock. Surrounding this is the previously known PWN (%40 00 in radius), which is more compact than the radio nebula, and with a spectrum that steepens radially from the center (e.g., Safi-Harb et al. 2001; Warwick et al. 2001; Bock et al. 2001) . But most remarkably, surrounding the PWN is a low surface brightness nonthermal halo, %150 00 in radius, with no radio counterpart (Slane et al. 2000) , and apparently with a spatially invariant photon index (Matheson & Safi-Harb 2005) . The very deep Chandra image presented by Matheson & Safi-Harb (2005) beautifully demonstrates evidence for limb brightening in this halo. It now appears likely that a portion of the emission observed in the halo originates in the long-sought SNR shell, while it is possible that dust scattering also contributes significantly to the observed emission (Bocchino et al. 2005) , especially within about 80 00 of the center. While unusual, such a nonthermal shell is not unprecedented (e.g., Koyama et al. 1995; Slane et al. 1999 ) and could be due to relativistic electrons accelerated at the SN ejecta-ambient gas shock front. G21.5-0.9 has also been detected in hard X-rays by INTEGRAL, with a 20-100 keV flux of $3 mcrab and a flatter spectrum than that of the Crab Nebula (Bird et al. 2004 ).
Meanwhile, the pulsar powering the PWN at the center of the composite SNR G21.5-0.9 has remained undetected, despite searches in the radio (e.g., Kaspi et al. 1996; Crawford et al. 2002) and X-ray bands (Slane et al. 2000; Safi-Harb et al. 2001; La Palombara & Mereghetti 2002) . We have now, in the course of extensive deep radio searches of PWNe (e.g., Camilo et al. 2002a Camilo et al. , 2002c , discovered PSR J1833À1034, the central engine of G21.5-0.9, which we report on here. After submitting this paper, we became aware of an independent discovery of this pulsar by Gupta et al. (2005) , whose results on the pulsed signal from this source largely agree with ours.
We begin by describing the pulsar search at radio wavelengths (x 2.1) and its confirmation and follow-up observations (x 2.2). We then present an X-ray imaging analysis of G21.5-0.9 (x 2.3) and search for pulsations (x 2.4). In x 3.1 we obtain the distance to the system, after which we discuss the wind termination shock region, nebular magnetic field (x 3.2), and age (x 3.3) of G21.5-0.9. We compare the properties of PSR J1833À1034 and its SNR to those of SNR 3C 58 and its pulsar in x 3.4, and in x 3.5 we remark on the radio spectrum of PSR J1833À1034, putting it in the context of those of other young pulsars. We summarize our work in x 4.
OBSERVATIONS AND ANALYSIS

Radio Pulsar Search
We observed the position R:A: ¼ 18 h 33 m 33: s 8, decl: ¼ À10 34 0 10 00 (J2000.0), centered on G21.5-0.9, at the Parkes 64 m radio telescope on 2002 January 6 for a full transit of 8.0 hr with the central beam of the multibeam receiver system (StaveleySmith et al. 1996) . The observation was centered at a frequency of 1374 MHz, with a bandwidth of 288 MHz for each of two polarizations split into 96 contiguous frequency channels. Totalpower signals were detected and sampled with 1 bit precision every 0.8 ms, with a total of 36 million time samples for each of 96 frequency channels recorded to magnetic tape for analysis.
We analyzed the data using standard pulsar search techniques (see, e.g., implemented in the PRESTO software package (Ransom 2001; Ransom et al. 2002a) . While the Cordes & Lazio (2002) model for the Galactic distribution of free electrons predicts a dispersion measure ( DM) >282 cm À3 pc for the distance to G21.5-0.9 of >4.4 kpc, such predictions can be inaccurate (e.g., Halpern et al. 2001; Camilo et al. 2002d ), and we searched the DM range 0-2674 cm À3 pc, up to twice the maximum expected Galactic value in this direction. We first analyzed the nondispersed (i.e., DM ¼ 0 cm À3 pc) data to identify strong interference signals that we subsequently masked (in the time, radio frequency, or fluctuation frequency domains). We dedispersed, barycentered, and searched the data for each of 524 trial DMs while maintaining close to optimal time resolution throughout the DM range searched. A pulsar with very large spin period derivative,Ṗ, may change its spin frequency perceptibly within such a long observation, diminishing the sensitivity unless a number of trial acceleration values are used to generate multiple time series to be searched: e.g., the Crab pulsar's fundamental would move by 0.3 Fourier bins within our observation, and a young pulsar in a binary system could be affected even more by orbital Doppler accelerations. For this reason we used Fourier domain acceleration searches to cover a range ofṖ that would cause a signal to drift by up to AE16 Fourier bins for the highest of 1, 2, 4, 8, and 16 harmonics. We summed these harmonics incoherently to retain sensitivity to narrow pulse profiles.
We detected a clear pulsar signal at DM % 170 cm À3 pc with barycentric period P ¼ 61:84 ms,Ṗ < 5 ; 10 À13 , and a narrow profile with FWHM of 0.05P (Fig. 1, middle panel ) .
Confirmation and Follow-up Observations
On 2005 April 14 we observed the pulsar with the 100 m Green Bank Telescope (GBT) for 0.5 hr at a central frequency of 1950 MHz. While the pulsar was not detected in an unbiased way in this short observation, searching a range of periods for assumed values ofṖ P 5 ; 10 À13 yielded the most promising candidate forṖ $ 2 ; 10
À13
. On 2005 April 19, we clearly redetected the pulsar at 1374 MHz at Parkes with P ¼ 61:86 ms, implyinġ P ¼ 2:02 ; 10 À13 . The retrospective detection at GBT also implies that its positional uncertainty from radio observations is about AE3 0 (telescope beamwidth). We have now observed the new pulsar at 820 MHz, in addition to the two frequencies described above (see Table 1 ). There is some evidence for fluctuation in received flux density, likely due to interstellar scintillation (see Fig. 1 ). The flux densities listed in Table 1 are calibrated only approximately and are therefore subject to some future adjustment. Nevertheless, we infer that the spectrum of the pulsar is steep, with a weighted fit to the values presented in Table 1 giving ¼ 3:0 AE 0:3 (throughout this paper, S / À ). The flux density of %0.65 mJy at a frequency of 610 MHz estimated by Gupta et al. (2005) is consistent with this determination of .
The new pulsar has a magnetic field strength at its light cylinder of B lc ¼ 1:4 ; 10 5 G, the sixth highest value among pulsars known in the Galactic disk, ex aequo with PSR J2229+6114 ( Halpern et al. 2001) . Since the emission of ''giant'' radio pulses appears to be correlated with B lc (e.g., Cognard et al. 1996; Johnston & Romani 2003) , we made a preliminary search for such pulses in the long 820 MHz data set (Table 1 ) but have not detected any.
We measured pulse times of arrival (TOAs) from the GBT and Parkes data and fitted a simple spin-down model to the 2005 TOAs using TEMPO. 8 The results of the fit are shown in Table 2 . The position used for the pulsar was that determined from Chandra observations (x 2.3). TheṖ measured from the phase-coherent solution at the present epoch matches that derived from two period measurements separated by 3.5 yr.
2.3. X-Ray Imaging of G21.5-0.9 G21.5-0.9 is used as a calibration target for the Chandra X-Ray Observatory, and multiple observations exist using a variety of detector modes and aim-point positions. For a set of six observations carried out with the Advanced CCD Imaging Spectrometer (ACIS), with the target placed within 1 0 of the optical axis of the telescope and falling on CCD S3, we used the CIAO task merge_all to generate a combined image of the PWN (Fig. 2) . The integrated exposure for the image is 58 ks, and we have applied a Gaussian smoothing of 2 pixels (0B98). The image shows an extended core, identified in earlier Chandra observations (Slane et al. 2000; Safi-Harb et al. 2001) , surrounded by a broader nebula with a radius of %40 00 . There is considerable structure in the outer nebula region, including filamentary features and a distinct low surface brightness ''notch'' in the outer northwest of the PWN (see also Safi-Harb et al. 2001; Matheson & Safi-Harb 2005) . We split the image in Figure 2 into two energy bands (0.3-6.0 and 6.0-10.0 keV ) and computed radial surface brightness profiles: the profile in the hard band is slightly steeper than that in the soft band, although X-ray emission extends in both bands to roughly the same outer radius.
To further investigate the compact core, we created a merged image from 21 observations with the Chandra High Resolution Manchester et al. (2001) for filter bank, Ransom et al. (2005) and Kaplan et al. (2005) for SPIGOT, and Backer et al. (1997) and Camilo et al. (2002d) for BCPM.
b Includes contribution from Galaxy (scaled from the 408 MHz map of Haslam et al. [1982] , with spectral index of 2.6) and SNR (%6 Jy at 1 GHz with flat spectrum; Salter et al. 1989) .
c Integrated period-averaged pulse profile, compared to the rms of the off-pulse region, scaled via the radiometer equation using the observation bandwidth and time, and assuming the nominal telescope gain and system temperature ( previous column). For SPIGOT, we used only 1650-2050 MHz data to calculate flux density (see caption to Fig. 1 ). These estimates have an uncertainty of about 25%, exclusive of variations due to interstellar scintillation. Table 1 ), and the white band indicates removal of data due to interference. There is evidence of apparent interstellar scintillation in the time-varying flux densities of the 820 and possibly 1374 MHz data sets (and the nominal flux densities for separate 820 and 1374 MHz observations differ by $10%-30%; see Table 1 ). The observed pulse FWHM is 3.0 ms (0.05P) at 1374 MHz and 2.5 ms at the other two frequencies. Smearing due to differential dispersive propagation within one frequency channel is 1.3 ms for the 820 MHz data and 1.6 ms for the 1374 MHz data (which, additionally, have a sample interval of 0.8 ms). Therefore, the intrinsic pulse FWHM is very nearly 0.04P at all frequencies.
Fig. 2.-False-color Chandra ACIS-S image of the PWN in SNR G21.5-0.9 based on 58 ks of data, showing the elongated core embedded in the more diffuse nebula. The SNR shell lies beyond the edge of this image. The image has been smoothed by 2 pixels (0B98), and the intensity levels increase logarithmically from a surface brightness of 9 counts arcsec À2 in the outer regions (blue) to a value of 1640 counts arcsec À2 in the core (white). See x 2.3 for further details about the image. Immediately evident in Figure 3 is a compact source surrounded by an elliptical emission region of size %7 00 ; 5 00 (in a very saturated image, this core appears to be about 50% larger in each dimension; see, e.g., Fig. 2 ). This is to be compared with the 90% encircled energy radius of %1 00 for HRC. The pointlike source is located at R:A: ¼ 18 h 33 m 33: s 57, decl: ¼ À10 34 0 07B5 (J2000.0) and offset from the center of the ellipse, possibly indicating a Doppler-boosted toroidal structure surrounding a pulsar, as is observed for the Crab and other pulsars imaged with Chandra (e.g., Hessels et al. 2004; Slane et al. 2004) . In this scenario, the inferred pulsar spin axis projected on the sky is perpendicular to the major axis of the ellipse, at a position angle of $40 north through east (similar to the position angle first suggested by Fürst et al. [1988] , for the central source in G21.5-0.9). The major axis of the ellipse is aligned toward the notch of reduced emission on the northwest rim of the PWN ( Fig. 2 ; see also Matheson & Safi-Harb 2005) . We note the similarity with the ''bays'' observed in the Crab Nebula, which are roughly aligned with the torus surrounding its pulsar (e.g., Fesen et al. 1992 ).
In order to estimate the flux of what is presumed to be the pulsar, we used the CIAO package Sherpa to perform spatial modeling in which we fitted the core region of G21.5-0.9 (Fig. 3) to a model consisting of a point source (convolved with the pointspread function, calculated using the CIAO task mkpsf for an energy of 1 keV ), a two-dimensional Gaussian component, and a constant background. While the extended emission is clearly not a two-dimensional Gaussian component (we expect perhaps a Doppler-brightened torus superimposed on more uniform emission), this is the most suitable model available in Sherpa and provides a good fit. As expected, the best-fit values for the pointsource position and Gaussian centroid are very different, limiting the point-source flux assigned to the Gaussian component. In any case, there is a systematic uncertainty in this flux determination in excess of the formal fit uncertainty of 10%, and a more realistic geometrical modeling is required to improve significantly on this result. In the energy range 0.5-10 keV, the resulting count rate for the pulsar is 1:5 ; 10 À3 s
À1
, corresponding to an unabsorbed flux of about 2:8 ; 10 À13 ergs cm À2 s À1 for a spectral index of X ¼ 0:5, assuming N H ¼ 2:2 ; 10 22 cm À2 (Safi-Harb et al. 2001), or a luminosity of about 9 ; 10 32 ergs s À1 at a distance of 5 kpc (see x 3.1). The assumed N H may be somewhat in error, since simple fits to the data yield values of N H that differ by as much as 20% depending on radial position within the nebula. However, such a variance in N H introduces a variation of only 20% on the point-source flux, smaller than the uncertainty arising from the difficulties involved in spatial modeling. Through such an absorbing column and at a distance of 5 kpc, thermal radiation from a 10 km radius neutron star with a surface temperature of 1.4 MK (appropriate for standard cooling to an age $1000 yr; see x 3.3) would contribute an HRC count rate of only $10% that observed, and we do not consider it further here.
The entire elliptical region of X-ray emission shown in Figure 3 , including the compact component, has a 0.5-10 keV count rate of 6:1 ; 10 À2 s
. Assuming X ¼ 1:0 and N H ¼ 2:2 ; 10 22 cm À2 , this corresponds to an unabsorbed 0.5-10 keV flux of 1 ; 10 À11 ergs cm À2 s À1 or a luminosity at 5 kpc of 3 ; 10 34 ergs s
.
Search for X-Ray Pulsations
G21.5-0.9 was observed for 30 ks with the Chandra HRC-S on 2002 November 12 (ObsID 2755), with the detector operated in timing mode. In this mode, event arrival times are adjusted to compensate for a wiring error, allowing photons to be timetagged to a resolution of 16 s. We corrected these event times to the solar system barycenter using the CIAO task axbary and the nominal pulsar position (x 2.3). We extracted 558 events from a circular region of radius 1 00 , centered on the position of the compact source identified in the merged HRC image ( Fig. 3) . We searched these events for pulsations around the spin frequency predicted by the radio ephemeris (Table 2) , covering approximately three independent Fourier spacings (10 À4 Hz). We used the discrete Fourier transform, which is optimally sensitive to sinusoidal pulsations, and the Bayesian technique of Gregory & Loredo (1992) , which is sensitive to pulsations with a more complex but unknown shape. In neither case did we find any evidence of X-ray pulsations. We estimate a 99% confidence level upper limit on the pulsed fraction for sinusoidal pulsations of 21%, using the method described by Ransom et al. (2002b) . If the pulsar has a significantly narrower X-ray pulse profile, as in the radio, the pulsed fraction would be significantly less than 21% (with the exact value depending sensitively on the pulse shape). This limit pertains to pulsations from the total observed flux within the extraction region and does not apply to the pulsar's flux alone. Since the pulsar likely contributes P30% of the counts in the region considered, our upper limit represents a significant fraction ($70%) of the total signal from the pulsar and hence is not especially constraining.
DISCUSSION
The P andṖ of the newly discovered pulsar imply a characteristic age c P/(2Ṗ) ¼ 4:8 kyr and spin-down luminositẏ E 4 2 IṖP À3 ¼ 3:3 ; 10 37 ergs s À1 , where the neutron star moment of inertia is I 10 45 g cm 2 .
ThisĖ is remarkably similar to that predicted by Slane et al. (2000) for the pulsar in G21.5-0.9 based on the X-ray energetics of the PWN and is second only to that of the Crab among known Galactic rotation-powered pulsars. Still, until X-ray pulsations are detected from the core of the PWN with P ¼ 61:8 ms or until the positional uncertainty of the pulsar is reduced to a few arcseconds, it could be argued that it may not be the counterpart of the PWN. However, if the newly discovered pulsar were not associated with G21.5-0.9, we would certainly expect to detect it in the deep Chandra observations of the field, given its relatively small inferred distance (x 3.1) and largeĖ, and no such potential counterpart exists (e.g., Matheson & Safi-Harb 2005) . Therefore, this is clearly the neutron star responsible for the PWN in G21.5-0.9, which we designate PSR J1833À1034 based on the position of the central compact source detected with Chandra ( Fig. 3 ; see also x 2.3 and Table 2 ).
3.1. Distance to G21.5-0.9 and PSR J1833À1034
To derive an upper limit on the distance to G21.5-0.9, we consider the bright extragalactic source PMN J1832À1035, which lies just 18 0 from G21.5-0.9. An H i absorption spectrum of PMN J1832À1035, using data taken from the Very Large Array Galactic Plane Survey (Taylor et al. 2002) , shows a strong absorption feature at a local standard of rest ( LSR) velocity of +76 km s
À1
, but which is not seen toward G21.5-0.9 (Caswell et al. 1975; Davelaar et al. 1986 ). The CO survey of Dame et al. (2001) shows a bright coherent region of molecular material at this velocity, present in the direction of both PMN J1832À1035 and G21.5-0.9. Thus, it is highly likely that there is cold neutral gas at an LSR velocity of +76 km s À1 toward both sources. The lack of H i absorption against G21.5-0.9 at this velocity implies that the SNR is in front of this cloud.
We next compare the emission spectrum of this CO to the H i emission survey of Hartmann & Burton (1997) . In the direction of PMN J1832À1035, the H i emission shows a narrow feature of reduced emission in the spectrum at a velocity of +76 km s
. We interpret this feature as H i self-absorption, indicating that cold gas on the near side of the tangent point is absorbing H i emission produced on the far side (Liszt et al. 1981; Jackson et al. 2002) . Using the Galactic rotation curve of Fich et al. (1989) and assuming a galactocentric radius for the Sun of 8.5 kpc, the distance to this cloud and hence an upper limit on the distance to G21.5-0.9 is 4.9 kpc. Combined with previous H i measurements that put a lower limit on the SNR's systemic LSR velocity of 65 km s À1 (Davelaar et al. 1986 ), corresponding to a distance limit of 4.4 kpc, and adopting an uncertainty in the systemic velocity of H i clouds of AE7 km s À1 (Shaver et al. 1982; Belfort & Crovisier 1984) , we conclude that the kinematic distance to SNR G21.5-0.9 is 4:7 AE 0:4 kpc. The X-ray spectra of the various components of G21.5-0.9 imply a foreground absorbing column N H % 2 ; 10 22 cm À2 Safi-Harb et al. 2001) . Comparison with the DM given in Table 2 implies a ratio N H /DM % 40. This is substantially higher than seen toward all but approximately three other pulsars (see discussion in Gaensler et al. 2004 ). Gaensler et al. (2004) argue that these high ratios indicate that a source is behind a substantial amount of molecular material. Indeed, the CO data of Dame et al. (2001) indicate at least three CO clouds at LSR velocities between 0 and 75 km s
, which presumably contribute to the high observed neutral column.
Relativistic Wind Termination Shock and Nebular Magnetic Field
KnowingĖ for PSR J1833À1034, we can estimate the termination shock radius, r s , at which the pulsar wind pressure, E/(4r 2 s c), balances the interior pressure of the nebula, P n , where is the fractional solid angle covered by the pulsar wind. Assuming nebular equipartition between particles and fields, P n ¼ B 2 n /(4), and we have s ¼ 0B46
mG , where B mG is the nebular field in mG and s ¼ r s /d. The field derived from equipartition arguments (e.g., Pacholczyk 1970) for the whole PWN is B n % 0:3 mG (where we have used a spectral index of r ¼ 0 between 100 MHz and 500 GHz; see Bandiera et al. 2001 and references therein), implying s % 1B6 À1 = 2 . This can be compared with Figure 3 , from which we infer that s P 2B5 (note, however, that we do not actually observe a limb-brightened ringlike structure, as is the case in some PWNe, and it is presumably also possible that s P 1 00 ). The approximate match between estimated and inferred shock radii suggests that the nebular magnetic field strength is indeed relatively large, as estimated from equipartition arguments.
For such a relatively high field, the synchrotron lifetime of relativistic electrons that emit 2 keV photons is only $20 yr. Assuming a nebular flow velocity profile of V (r) ¼ (c/3)(r s /r) 2 ( Kennel & Coroniti 1984) , these electrons would travel $12 00 before radiative losses become important. (The equivalent nebular flow timescale to the edge of the PWN is k500 yr.) According to Matheson & Safi-Harb (2005) , the X-ray spectrum steepens significantly beyond its slope close to the pulsar at a radius k10 00 -15 00 (which also appears to be the approximate angular scale of the relatively bright X-ray ''plateau'' seen in Fig. 2) . Additionally, it appears that the normalized X-ray and radio surface brightness profiles begin to diverge, with the nebula becoming effectively smaller at X-ray energies, at k10 00 (Bock et al. 2001; Dickel & Wang 2004 ; see also x 2.3). Overall, it thus appears that a relatively high nebular field strength is compatible with many of the observations.
A break in the spectrum of G21.5-0.9 is inferred at b k 500 GHz (k b P 1 mm; Gallant & Tuffs 1998; Bock et al. 2001; Bandiera et al. 2001) . However, for an age k500 yr and B n % 0:25 mG, one expects a break in the spectrum due to synchrotron cooling at P1 m. The submillimeter break must then be due to something else, presumably reflecting the complex nature (or variability) of the spectrum injected by the pulsar or of its conversion to detectable electromagnetic radiation.
3.3. The Evolutionary State and Age of G21.5-0.9
For spin evolution with constant magnetic moment, the age of a pulsar is ¼ PṖ À1 (n À 1) À1 ½1 À (P 0 /P) nÀ1 ; the index n is 3 for dipole braking (in the few cases measured, 1:5 P n P 3; e.g., Camilo et al. 2000 and references therein) . Further assuming that the initial spin period P 0 TP reduces the age to c , or 4.8 kyr in the case of PSR J1833À1034. Hereafter we scale the age of the pulsar/SNR system by 5 /(5 kyr), and we now show from multiple lines of evidence that in fact 5 T1.
The scale of structures in G21. 40 % 150/40; thus, R PWN % 1d 5 pc and R SNR % 3:6d 5 pc. Both of these are small, similar to the corresponding sizes in G11.2À0.3, a 1600 year old composite SNR (Kaspi et al. 2001; Chevalier 2005) .
PSR J1833À1034 is located very near the geometrical center of the G21.5-0.9 shell. Using the image presented by Matheson & Safi-Harb (2005) , we estimate that the pulsar's offset from the center is Á P 5 00 . If the center corresponds to the SN site, the implied projected space velocity is V PSR P 25d 5 À1 5 km s
À1
. Unless 5 T1, this is a very small velocity for a young pulsar (e.g., Lyne & Lorimer 1994; Hobbs et al. 2005 , according to whom the probability of V PSR < 25 km s À1 is 0.45%). This reasoning was used also by Kaspi et al. (2001) to argue that T c for the pulsar in G11.2À0.3.
The shell in G21.5-0.9 is very faint in X-rays (Matheson & Safi-Harb 2005) and has not yet been detected at radio wavelengths (Slane et al. 2000) . This suggests that the system is only slightly more evolved than the Crab, i.e., the shell is only now becoming visible and the SNR is on its way to becoming a clearcut composite like G11.2À0.3 (in detail, such an argument requires of course an understanding of the circumstellar environments and explosion dynamics). In any case, for a uniform hydrogen ambient medium of density n 0 cm À3 , the SNR has swept up only M sw $ 5n 0 d 3 5 M and thus should be in nearly free expansion. For an ejected mass of M ej ¼ 10M 10 M and SN explosion kinetic energy of 10 51 E 51 ergs, the expansion velocity would be 3200 (E 51 /M 10 ) 1/2 km s
, implying 5 ¼ 0:25d 5 (M 10 /E 51 ) 1 = 2 . Since a freely expanding SNR would in reality have a steep density profile to its ejecta, these estimates of expansion velocity and age are likely to be lower and upper limits, respectively.
Alternatively, let us consider that the expansion has entered the adiabatic phase. Using the Sedov solution,
5 . Such a high ambient density is clearly inconsistent with the low levels of observed X-ray emission. If conversely we adopt typical values of n 0 /E 51 P 1, then 5 P 0:1d 5 = 2 5 . But in this case the argument is not self-consistent because then we would have M sw < M ej . The SNR is therefore still in nearly free expansion, for which the arguments in the above paragraph apply. 10 Consideration of PWN evolution arguments also suggests 5 T1. In general, the ratio R PWN /R SNR is initially small as the freely expanding ejecta move faster than the PWN expansion rate of $1000 km s
. However, the PWN expansion accelerates with the energy input by the pulsar and this ratio increases quickly. After the SNR ejecta decelerate and the reverse shock begins to compress the PWN, the ratio decreases. Since the PWN in G21.5-0.9 is approximately circular, is symmetrically placed within the SNR shell, and has the pulsar at its center, it is likely to be in its early pre-reverse-shock evolutionary stage. For the observed ratio R PWN /R SNR % 0:25, the models of Blondin et al. (2001) are indicative of a very small age. Alternatively, considering simply a constant PWN expansion velocity of 1000V 1000 km s À1 (for comparison, the Crab Nebula is expanding at $1500 km s À1 ; Bietenholz et al. 1991 and references therein), the observed PWN size implies 5 ¼ 0:2d 5 V À1 1000 . The PWN energetics also provides useful insight into the age of G21.5-0.9. According to Chevalier (2005) , the ratio E int /(Ė) separates ''young'' (ratio <1) from older PWNe, where E int is the internal energy of the PWN. A lower limit on E int can be calculated from synchrotron emission, equivalent to approximate equipartition between particles and fields, which is roughly consistent with observations of PWNe. We use equation (46) of Chevalier (2005) to calculate that for G21.5-0.9, E min $ 2:9 ; 10 47 d
ergs. Here we have used p 1 ¼ 1 þ 2 r % 1:04 (Salter et al. 1989) , where p 1 and p 2 are the energy indices for radio-and X-raygenerating particles, respectively, and L b is the spectral luminosity at b . With the measuredĖ for PSR J1833À1034, we havė E ¼ 5:3 ; 10 48 5 ergs, which is larger than E int (typically within a factor of a few of E min ) for any reasonable age. This then implies T c (see Chevalier 2005) .
These various arguments all lead to the conclusion that for PSR J1833À1034 and G21.5-0.9, 5 T1 and maybe P 1000 yr (a similar conclusion was reached independently by Bocchino et al. [2005] , who in an analysis of X-ray data on G21.5-0.9 obtain an age range of 200-1000 yr). In turn, this suggests that P 0 k 55 ms essentially independent of braking index. Measuring n would of course be very interesting and would further constrain the rotational history of PSR J1833À1034, but this is often impossible. For example, for PSR J0205+6449 in SNR 3C 58, the rotational instability of the neutron star prevents n from being determined .
While the age inferred here would make PSR J1833À1034 among the two to three youngest known neutron stars in the Galaxy, it is highly unlikely that its progenitor SN was observed as a historical event (and indeed no SN is recorded in this direction in the compilation of Stephenson & Green 2002) . The observed hydrogen column density corresponds to a visual extinction of 10-11 mag. The peak visual magnitude of the SN might thus have been only 5-6 (for an absolute magnitude M V ¼ À18:5), which is likely to have gone unnoticed.
3.4. Comparison of G21.5-0.9, 3C 58, and Their Pulsars
The measured spin parameters of PSR J1833À1034 are very similar to those of PSR J0205+6449 (Murray et al. 2002) , the central engine in 3C 58 (another famous SNR long classified as Crab-like, from which faint thermal emission has now been detected; see Bocchino et al. 2001; Slane et al. 2004) . It is therefore of interest to compare the properties of the respective PWNe, and we list some important parameters of both systems in Table 3 .
Most noticeably, 3C 58 is a much larger and more asymmetric PWN than G21.5-0.9, and its ratio of X-ray luminosity to spindown luminosity, L X /Ė, is %11 times smaller. The inferred pulsar wind shock radii differ by a factor of k3, but this is understandable if the nebular pressures differ by an order of magnitude, which may well be the case, as inferred from the respective equipartition field estimates (see also x 3.2). Also, the break frequency b for 3C 58 seems to be $10 times lower than for G21.5-0.9. 11 3C 58 is widely thought to be the remnant of SN 1181 CE (Stephenson & Green 2002) . In order to bring the historical age and measured spin parameters into agreement, Murray et al. (2002) proposed that the initial period of the pulsar was P 0 $ 60 ms, comparable to what we infer for PSR J1833À1034 (x 3.3). On the other hand, good arguments suggest that 3C 58 may be older (Bietenholz et al. 2001) , in which case P 0 T60 ms. In any case, different spin histories cannot explain different present-day values of L X , since the relevant electrons/positrons cool relatively quickly in both PWNe.
If its apparently lower inferred b and steeper X-ray spectrum are of significance, much of the pulsar power in 3C 58 may be deposited at lower particle energies, and hence radiated at lower frequencies, compared to the case for G21.5-0.9. In addition, the lower nebular magnetic field strength inferred for 3C 58 (see Table 3 ) means that its relativistic particles are relatively poor radiators, and this may explain the vastly different X-ray efficiencies in the two systems.
But why is the nebular field strength in 3C 58 apparently so much lower than for G21.5-0.9? If 3C 58 is not the remnant of SN 1181 CE but is substantially older, as argued by Bietenholz et al. (2001) and Chevalier (2005) , then the larger PWN size would follow naturally, and its field would also have decayed. Alternatively, even if the ages for both systems are similar, the PWN radius at early stages depends on SN and pulsar properties as
, where E SN and M ej are the kinetic energy and ejected mass, respectively, of the associated SN explosion (Reynolds & Chevalier 1984; van der Swaluw et al. 2001 ). Therefore, it may be possible to obtain a larger size and lower magnetic field for 3C 58 if either the SN explosion was more energetic or the ejected mass smaller than the case for G21.5-0.9, either of which are reasonable. Additionally, perhaps instabilities in the magnetic field downstream of the termination shock are also of relevance for explaining the elongated shape of 3C 58 and maybe its size (see, e.g., van der Swaluw 2003; Slane et al. 2004) .
Finally, we note that the order-of-magnitude discrepancy in L X /Ė between PSR J1833À1034 and PSR J0205+6449, two pulsars with near-identical spin parameters, makes it clear that the predictive power of simple relations betweenĖ and L X for pulsars and their PWNe (Seward & Wang 1988; Becker & Trümper 1997; Possenti et al. 2002 ) is limited.
The Radio Spectrum of PSR J1833À1034
and Young Pulsars
The radio spectrum of PSR J1833À1034 between 0.8 and 2.0 GHz is unusually steep ( % 3:0; see x 2.2). Lorimer et al. (1995) show that the mean spectral index for pulsars is %1.6, with a suggestion that it is smaller ($1) for young pulsars. The Crab pulsar is an exception, with ¼ 3:1. PSR J1833À1034 has a pulse duty cycle of 4%, smaller than virtually all pulsars with P < 0:1 s (but similar to that of J0205+6449 in 3C 58, which has similar period as well and $ 2; Camilo et al. 2002d ). With such a steep spectrum, the pulsar is easier to detect at low frequencies, such as 820 MHz at GBT. However, for good reasons, the first frequency of choice to employ in searching for distant pulsars along the Galactic plane remains 1400 MHz. At this frequency, PSR J1833À1034 has a very low flux density and its luminosity L 1400 S 1400 d 2 % 1:8d 2 5 mJy kpc 2 is among the smallest known. The detection of such pulsars is therefore not easy. Nevertheless, this may owe more to the state of our detection technology than to the intrinsic rarity of such ''faint'' neutron stars.
We have compiled information about all known young rotation-powered pulsars, defined here somewhat arbitrarily as those with c < 30 kyr (see the catalog of Manchester et al. [2005] , but some of the distances used here are from original references). There are 36 such pulsars, of which 33 have been detected at radio wavelengths. Of these, 23 have a ''high luminosity'' L 1400 (18-140 mJy kpc 2 ; median 56 mJy kpc 2 ): 14 have been long known (of which 3 were first detected as X-ray pulsars) and 9 were discovered in the Parkes multibeam Galactic plane survey (e.g., Kramer et al. 2003b) . With PSR J1833À1034, we know today of 10 young ''low-luminosity'' pulsars (0.5-6.3 mJy kpc Notes.-We use the nominal distances listed here to infer all quantities that depend thereon. Parameters for G21.5-0.9 are from this work and its references, while those for 3C 58 are from Slane et al. (2004) and references therein.
a At least in projection, G21.5-0.9 is approximately round ( Fig. 2 ) and 3C 58 is elongated. In both PWNe, the X-ray nebula is somewhat smaller than the radio nebula, an effect more pronounced in G21.5-0.9 ( Bock et al. 2001) .
b Both X-ray spectra steepen radially from the center in similar fashion, within the ranges of X indicated (Safi-Harb et al. 2001; Slane et al. 2004; Matheson & Safi-Harb 2005) . , 2002c , 2002d Roberts et al. 2002; this paper) , 2 more were detected in the Parkes multibeam survey , and only 1 has been long known ( B1853+01, discovered in a directed search of SNR W44; Wolszczan et al. 1991) . Evidently, such pulsars are not so rare but merely require more effort to uncover.
SUMMARY
We have discovered the 61.8 ms pulsar J1833À1034 at the center of the composite SNR G21.5-0.9 (x 2.1). Second only to the Crab in spin-down luminosity among known rotationpowered Galactic pulsars, withĖ ¼ 3:3 ; 10 37 ergs s À1 (x 2.2), PSR J1833À1034 was born in the SN explosion that gave rise to G21.5-0.9, which we estimate from the properties of the pulsar, PWN, and SNR shell occurred P1000 years ago. This is substantially smaller than the pulsar characteristic age and in the simplest interpretation implies a birth spin period of k55 ms (x 3.3), providing further evidence for a relatively large range in initial periods for neutron stars (e.g., Migliazzo et al. 2002; Kramer et al. 2003a ).
PSR J1833À1034 is exceedingly weak at the radio frequency of 1.4 GHz used at the Parkes telescope to first detect it. We have revisited the distance to G21.5-0.9 based on H i and CO observations and find the best estimate to be 4:7 AE 0:4 kpc (x 3.1), for which the pulse-averaged luminosity at 1.4 GHz is about 1.5 mJy kpc 2 , one of the smallest known for a young pulsar. Observations at other frequencies with the GBT (x 2.2) suggest that PSR J1833À1034 has an unusually steep spectrum, both of which findings have significant implications for the detection of additional very young pulsars and for studies of the radio luminosity, beaming fraction, and birth rate of such neutron stars (x 3.5).
We have analyzed a large number of Chandra X-ray observations of the system and obtained the best image to date of the inner core of G21.5-0.9. This shows clear evidence for a pulsar component offset from the center of a surrounding very compact elliptical emission region that likely bounds the termination shock of the pulsar wind (x 2.3). From this, under the assumption of energy equipartition in the PWN, we have obtained an estimate of the nebular magnetic field that is consistent with other determinations and plausibly is also broadly compatible with the X-ray and radio surface brightness and spectral energy distribution observed in the PWN (x 3.2). PSR J1833À1034 has present-day spin parameters very similar to those of PSR J0205+6449 in SNR 3C 58, while the respective PWNe exhibit some significantly different properties (x 3.4).
We have searched for X-ray pulsations from PSR J1833À 1034 without success (x 2.4). Our pulsed fraction limit for an assumed sinusoidal pulse shape is about 70% of the pointlike luminosity of 3 ; 10 À5Ė . Depending on the rotational stability of the pulsar, to be determined from timing observations, we may in future obtain a better limit or, if the X-ray beam intersects our line of sight, a detection of such emission. Interestingly, no EGRET -ray source is known at the location of PSR J1833À 1034 (Hartman et al. 1999) , despite the fact that this neutron star has the fourth largest spin-down flux (Ė/d
2 ) among known rotationpowered pulsars (after the Crab, Vela, and PSR J0205+6449, which also is not a known -ray emitter; Camilo et al. 2002d ). Assuming that it beams toward the Earth, its efficiency for converting rotational power into >100 MeV -rays is relatively low, in keeping with a suggested inverse relation withĖ (Thompson et al. 1999) . Certainly, PSR J1833À1034 should be a prime target for the future Gamma-Ray Large Area Space Telescope.
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